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General symbols, vectors and matrices 

 

a = wavelet scale  

A = total number of latent variables  

_______

AAE = overall average absolute error  

b = wavelet location  

br = regression coefficient of the r
th

 latent variable  

B = matrix of regression coefficients  

2

,

T

jic = contribution 
2

,

T

jic of the variable j to the 2

iT  of the i
th

 observation 

t

jic ,   = contribution of the variable j to the scores that compose the 2

iT  of the i
th

 

observation 

E

jic ,  = contribution of the variable j to the square predicting error SPEi of the i
th

 

observation 

E

jc  = average contributions of variable j over all the I observations of the 

reference for the SPE statistics  

2T

jc  = average contributions of variable j over all the I observations of the 

reference for the Hotelling statistics  

lim,

E

jc  = the 100(1- )% confidence intervals for the contributions E

jic ,   

2

lim,

T

jc  = the 100(1- )% confidence intervals for the contributions 
2

,

T

jic   

E
C  = matrix of the contributions to SPE of all the J variables for all the I

observations in of X matrix 

2T
C  = matrix of the contributions to T

2
 of all the J variables for all the I

observations in of X matrix 

dm =  detail of the signal x at the m
th

 wavelet decomposition scale  

h

mD = reconstruction of the horizontal detail h

mT   

v

mD  = reconstruction of the vertical detail v

mT   

d

mD  = reconstruction of the diagonal detail d

mT   
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K = lag on the process variables in the TP-PLS models  

K’ = length of the moving window in the MATP-PLS models  

nsegm = edge segment width (pixel) 

nmw = size of the moving window (pixel) 

ei,j  = element of row i and column j of the residual matrix E  

e = residual of a test sample  

eI+1 = error of reconstruction for the projection of xI+1 onto the latent variable 

space  

T

1Ie = transpose of eI+1 

)(E 1Ix  = expected value of xI+1 

E = 2D residual matrix of X  

E = 2D residual matrix of X  

,, JIJF = upper 100
th

 percentile of the F-distribution with I and I-J degree of 

freedom 

F = residual matrix of Y  

h = sampling instant of the quality variables in the 3D data matrix of regular 

shape 

hi = sampling instant of the quality variables in the 3D data matrix of irregular 

shape  

h0 = parameter of the Jackson-Mudholkar equation 

Hi = total number of quality samples for the observation i  

H0 = null hypothesis  

H1 = alternative hypothesis  

i = observation of the reference dataset  

i0 = image (pixel) 

iM = filtered image at the M
th

 scale of wavelet decomposition (pixel) 

I = total number of observations in the reference dataset 

I = identity matrix 

2L = Hilbert space of square integrable functions in  

j = variable of the reference dataset  

J = total number of variables of the reference dataset 

k = sample for the process variables in the 3D data matrix of regular shape  



List of symbols 

 

 

3

ki = sample for the process variables in the 3D data matrix of irregular shape  

Ki = total number of samples of observation i  

m = decomposition scale  

M = selected decomposition level  

M1 = decomposition level selected for image denoising  

Mr = matrix of rank 1 of the r
th

latent variable  

MRPEi,q = mean relative prediction error for quality variable q in batch i during a 

single estimation phase   

n = counter  

nel = size of the edge length (pixel) 

E

iwn = size of the image width for the edges  

V

iwn = size of the image width for the valleys  

nlevels = number of selected topological levels  

nsample = total number of quality samples in an estimation phase 

ntsw = size of the trans-section width (pixel) 

Nx = length of the signal x  

NA = acidity number 
resin

KOH

g

mg
  

Nimage = number of images of edge segments 

pi,j = element of the i
th

 row and j
th

 column of the matrix P  

pj = row vector referring to the j
th

 variable of the loading matrix P  

pr = loading of the r
th

 latent variable of X  

T

rp = transpose of the loading of the r
th

 latent variable of X  

P = probability function  

P = loading matrix of X  

P
T

= transpose of P

Pr = matrix of the loadings for all the J variables and all the K samples 

PRESS = prediction error sum of squares  

q = quality variable  

qr = loading of the r
th

 latent variable of Y  

Q = total number of quality variables  
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Q = loading matrix of Y  

Q
T 

= transpose of Q  

r = generic counter  

R = rank of the X matrix 

= space of the real numbers  

RMSECV = root-mean-square error of cross-validation  

R(X) = 100(1- ) % confidence region of the likely value of a population containing 

X 

s = generic counter and spatial coordinate 

2T
jc

s = standard deviation of the contributions of variable j over all the I 

observations of the reference for the Hotelling statistics 

E
jc

s  = standard deviation of the contributions of variable j over all the I 

observations of the reference for the SPE statistics  

sr = semi-axis of the confidence ellipse for the r
th

 latent variable  

s = coordinate in the domain of pixel space (squared pixel) 

Sm,n = approximation coefficient at the m
th

 scale of wavelet decomposition  

21 ,,1 nnmS = approximation coefficients of the multiresolution decomposition of an 

image  

SPEi = squared predicting error for the observation i  

SPEI+1 = squared predicting error for the validation observation xI+1  

limSPE = upper limit of SPEi at a confidence level 100(1- )%  

S = estimated value of the covariance matrix  

Sm = approximation matrix of an image at the m
th

 wavelet decomposition scale  

t
*
 = maximum time horizon for the prediction of the batch length (h) 

2
,1I

t
= Student t-distribution for I-1 and 

2
 degrees of freedom 

,lim rt = univariate limit at %1100  confidence level for score tr

t1 = score vector of the first principal component  

ti = row vector referring to the i
th

 observation of the score matrix T 

1
ˆ

It = projection of the validation observation 1Ix  onto the latent subspace  

tr = score vector of the r
th

 principal component of X  

T

rt = transpose of tr 
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T
2 

= Hotelling statistics  

TAAEi = time-averaged absolute error of the batch i (h) 

T(a,b) = continuous approximation of the signal x for the wavelet decomposition by 

means of  at location b and scale a  

2

iT = value of the Hotelling statistics for the i
th

 observation  

2

1IT = value of the Hotelling statistics for a validation observation xI+1  

,,2

lim IAT = confidence limit of the Hotelling statistics at the 100(1- ) % level of 

confidence for a system of A latent variables and I samples  

Tm,n = detail coefficient at the m
th

 scale of wavelet decomposition  

denoised

nmT , = denoised approximation of the wavelet decomposition of i0 at M1 scale  

h

,,1 21 nnmT = horizontal detail coefficient of an image  

v

,,1 21 nnmT = vertical detail coefficient of an image  

d

,,1 21 nnmT = diagonal detail coefficient of an image  

T = score matrix of X  

h

mT  = horizontal detail matrix of an image at the m
th

 wavelet decomposition scale  

v

mT  = vertical detail matrix of an image at the m
th

 wavelet decomposition scale  

d

mT  = diagonal detail matrix of an image at the m
th

 wavelet decomposition scale  

ur = score vector of the r
th

 latent variable of Y  

T

ru = transpose of ur 

U = score matrix of Y  

VIPj = importance of the variable j in the projection methods  

wr = weight of the r
th

 latent variable  

T

rw = transpose of wr 

W = matrix of the weights  

x = generic signal  

xi,j = element of row i and column j of the X matrix  

xi,j,k = element of the X matrix  

kjix ,,
= moving average of the variable j on batch i in the k-th time instant, element 

of the iX  matrix  



List of symbols 

 

 

6

xm = approximation of the signal x at the m
th

 wavelet decomposition scale 

xi = row vector of the i
th

 observation of the X matrix  

1Ix = vector of a validation observation  

1
ˆ

Ix  = projection of 1Ix  onto a latent space 

xi,j = j
th

 variable time profile in batch i in form of column array of the Xi matrix 

xj = j
th

 variable column vector of the X matrix  

jx = average value of the j
th

 variable (column) of X  

K

ji,x  = vector of the j
th

 variable time trajectory for the i
th

 batch lagged of – K time 

instants 

X = reference data matrix of the process  

X = array of the mean values of the variables of X  

X̂ = projection of the X matrix onto the space of the latent variables  

X = 3Dreference data matrix of the process variables  

X0 = 2D data matrix at the zero decomposition scale 

X
BWU

 = 2D data matrix derived form X form batch-wise unfolding  

BWU
X = input matrix of the moving averages for the MATP-PLS model  

X
D

= matrix of lagged variables  

Xi = i
th

 horizontal slice of X, i.e. matrix of the trajectories of all the J variables in 

all the Ki samples in time or space for the observation i  

iX = matrix of the moving average data of the i
th

 batch

D

iX = matrix of lagged variables for the i
th

 batch  

Xj = j
th

 vertical slice of X, i.e. matrix of the time/space evolution of the variable j 

for all the samples K and all the observations I 

Xk = k
th

 vertical slice of X, i.e. matrix of the time/space sample k for all the J

variables and all the I observations 

X
L 

= augmented matrix with lagged variables for the LTP-PLS model  

XM = 2D data matrix at the M
th

 decomposition scale 

X
T

= transpose of X 

X
VWU

 = bi-dimensional data matrix derived by variable-wise unfolding X 

yi,q,h = element of the Y matrix  

hqiy ,,
ˆ = estimated value of yi,q,h 
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1
ˆ

Iy = estimated value of a quality index for the (I+1)
th

 observation  

Y = matrix of the quality variables  

Y = three dimensional reference matrix of the quality variables  

Yi = i
th

 horizontal slice of Y, i.e. matrix of the trajectories of all the Q quality 

variables in all the Hi samples in time or space for the observation i  

z  = normal standard deviate corresponding to the upper 100(1- )%  percentile 

 

Greek symbols

 

= percentile of the confidence limits  

sr ,  = Kronecker delta  

i  = instantaneous error of estimation of stage length in batch i  

= generic parameter  

n = parameter of the Jackson-Mudholkar equation 

= space of all the possible parameters  

= forgetting factor  

= diagonal matrix of the eigenvalues r  

r = eigenvalue of the r
th

 latent variable  

= viscosity 

0 = vector of the expected values of the J variables of the matrix X  

nm, = discretized father wavelet  

s  = bidimensional wavelet function 

= covariance matrix  

= batch length (h) 

i = actual length of the stage in the same batch 

= number of samples corresponding to the time horizon t
*
 

)(ˆ ti = prediction at time t of the stage length in batch i

= mother wavelet function  
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ba ,
= mother wavelet function for a dilation parameter a and a location 

parameter b  

*

,ba  = complex conjugate of a “mother” wavelet function ba ,   

nm,  = discretization of the mother wavelet function  

s
h  = bidimensional horizontal wavelet  

s
v  = bidimensional vertical wavelet  

s
d   bidimensional diagonal wavelet  

2

,v = 2
-distribution with v and  degrees of freedom  

 

Acronyms

 

2D = bi-dimesional 

3D = three-dimensional 

AR  = autoregressive  

ARMA = auto-regressive moving average  

BWU = batch-wise unfolding 

CA1 = carboxylic acid 1 

CA2 = carboxylic acid 2 

CD = critical dimension 

CD-SEM = tool for the measurement of the CD through a SEM 

D1 = diol 1 

D2 = diol 2 

DA1 = dioic acid 

DPCA = dynamic PCA 

DPLS = dynamic PLS 

IC = integrated circuit 

IID = independent identically distributed 

LAN = local area network 

LER = line edge roughness 

LTP-PLS = lagged three-phase PLS 



List of symbols 

 

 

9

LV = latent variable 

LV1 = first latent variable  

LV2 = second latent variable  

MATP-PLS = moving-average three-phase PLS 

MIA = multivariate image analysis 

MPCA =  multiway PCA 

MPLS = multiway PLS 

NIPALS = non-iterative partial least squares algorithm 

NOC = normal operating conditions 

OLE = object linking and embedding 

OPC = OLE for process control 

PC = principal component 

PC1 = first principal component 

PC2 = second principal component 

PCA = principal component analysis 

PLC = programmable logic controllers 

PLS = partial least squares method (projection on latent structures) 

PV = process value 

P&ID = pipelines and instrumentation diagram 

RGB = red, green, blue 

RTU = remote terminal units  

SCADA = supervisory control and data acquisition 

SEM = scanning electron microscopy (or microscope) 

SIMPLS = straightforward implementation of modified PLS 

SP  = setpoint 

SPC = statistical process control 

SQC = statistical quality control 

SQL = structured query language  

SWA = side wall angle  

TP-PLS = three-phase PLS method 

UV = ultra violet 

VIP = variable importance in the projection methods 



List of symbols 

 

 

10

VO = valve opening 

VWU = variable-wise unfolding 


